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Abstract
We discuss the effect of next-to-leading order (NLO) QCD corrections to the
Higgsstrahlung process, where the Higgs boson decays to bottom quarks, using a
partonic-level fully differential code. First we evaluate the impact of initial- and final-
state gluon radiation on the reconstruction of a mass peak with the fat-jet analysis in
the boosted regime at the LHC with
√
s = 14TeV as proposed in Butterworth et al.
(2008) [1]. We then consider the current CMS search strategy for this channel and
compare it to the fat-jet procedure at the LHC with
√
s = 8TeV. Both studies show
that final-state QCD radiation has a sizeable effect and should be taken properly into
account.
1 Introduction
Although the LHC has started its operations only a couple of years ago and at half the
design energy, it has already provided plenty of information on the existence of a Standard
Model (SM) Higgs boson. With the 5 fb−1 luminosity collected with
√
s = 7TeV at the
end of 2011, ATLAS was able to exclude the presence of a SM Higgs boson in the range
133GeV < mH < 230GeV and 260GeV < mH < 437GeV [2], and CMS in the range
129GeV < mH < 525GeV [3], in both cases at 99% confidence level. Furthermore, adding
6 fb−1 of the 2012 run at
√
s = 8TeV, it has been recently possible to discover a new boson
with mass around 125GeV [4, 5]. It remains to establish whether this boson is indeed the
SM Higgs by studying in detail all its decay modes. A light Higgs boson directly produced
in gluon-gluon fusion (the process giving the largest cross section) decays predominantly
into a bb¯ pair, where the signal is overwhelmed by the huge QCD dijet background. This is
why the decay modes that have led to the discovery are those who do not involve hadronic
final states, like H → γγ [6, 7], H → WW [8, 9] or H → ZZ [10, 11, 12]. Although they
are suppressed with respect to the dominant bb¯ mode, it is still possible to extract a signal
from the background. There is yet another possibility to exploit the bb¯ decay of the Higgs
boson, namely when it is produced in association with a vector boson V (W or Z): the
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Higgsstrahlung process. In this case there are various possibilities to disentangle the signal
over the large V bb¯ background, some of which have been already used at the LHC [13, 14].
Among them, one of the most promising strategies makes use of the fact that at the LHC,
especially at
√
s = 14TeV, it is possible to produce particles with transverse momenta
well above their masses. It is the so-called “boosted” regime, in which one can reconstruct
heavy particles decaying hadronically, because their decay products are likely to fall inside
one jet with a large radius, a.k.a. fat jet. Recent proposals for finding a boosted Higgs
boson decaying into a bb¯ pair are based on the investigation of the substructure of each
fat jet [1, 15]. Within these approaches the Higgs boson candidate is a multi-jet system
which should contain not only the Higgs boson decay products, but also QCD radiation
associated to them. It is therefore extremely important to have predictions for the V H
process that implement gluon radiation, both from the initial and final state.
Higher-order corrections to the Higgsstrahlung process, with the Higgs boson decaying
into a bb¯ pair, have been known since a long time. NLO corrections to Higgs boson
production in association with a vector boson have been computed in Refs. [16, 17, 18] and
implemented in the program MCFM [19]. Leading electro-weak corrections are available
as well [20] and implemented, together with QCD corrections, in the program HAWK [21].
NNLO results exists for the total cross section [22] for both WH and ZH processes, while
a fully differential code is available for WH production only [23]. In all these production
codes the decay of the Higgs into a bb¯ pair is implemented at LO only. Concerning decay,
NLO corrections for massive bottom quarks have been computed in Ref. [24], while for
massless bottom quarks a fully differential calculation is available at NNLO [25]. NLO
corrections have been interfaced to parton showers in the MC@NLO framework in Ref. [26].
Furthermore, starting from version 2.5, Herwig++ [27] implements NLO corrections to
Higgs boson production [28] and Higgs boson decay, both matched independently to parton
shower.
Investigating the effect of NLO QCD corrections to both production and decay on
present and future Higgs searches is the aim of the present Letter. We do this in the case
of Higgs boson production in association with a W boson. Since to our knowledge no
fixed-order program implements NLO QCD corrections to both Higgs boson production
and decay, we have decided to construct a new code based on the already available matrix
elements. Having our own fully differential code give us the opportunity to study NLO
QCD corrections to production and decay in a completely separate way. We stick to a fixed-
order calculation since its outcome can be interpreted more easily than the corresponding
one from Monte Carlo event generators. The latter in fact supplements the hard matrix
element with soft and/or collinear emissions, which can induce modifications on pure NLO
effects. However, although we do not present any prediction obtained with Monte Carlo
event generators, we will discuss how potential instabilities of fixed-order calculations can
be removed either with all-order QCD resummation or with parton shower Monte Carlo’s.
We now describe the details of our calculation. Denoting by dσpp→WH the differential
cross section for WH production and by dΓH→bb¯ the differential decay rate for a Higgs
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boson decaying into a bb¯ pair we have the perturbative expansions
dσpp→WH = dσ
(0)
pp→WH + dσ
(1)
pp→WH , dΓH→bb¯ = dΓ
(0)
H→bb¯
+ dΓ
(1)
H→bb¯
, (1.1)
where dσ
(1)
pp→WH is of relative order αs with respect to dσ
(0)
pp→WH (and similarly dΓ
(1)
H→bb¯
with
respect to dΓ
(0)
H→bb¯
). Using the narrow width approximation, which is reasonable for a light
SM Higgs, we can combine NLO corrections to production and decay as follows
dσpp→(H→bb¯)W =
(
dσ
(0)
pp→WH ×
dΓ
(0)
H→bb¯
+ dΓ
(1)
H→bb¯
Γ
(0)
H→bb¯
+ Γ
(1)
H→bb¯
+ dσ
(1)
pp→WH ×
dΓ
(0)
H→bb¯
Γ
(0)
H→bb¯
)
×Br(H → bb¯) ,
(1.2)
where Γ
(0)
H→bb¯
is the LO total H → bb¯ decay rate, Γ(1)
H→bb¯
the corresponding NLO correction
and Br(H → bb¯) is the branching ratio for the decay H → bb¯. Before describing the phe-
nomenology we briefly give some details of the calculation. To handle infrared divergences
we use a fully local subtraction method both for production and decay. We first compute
real and virtual matrix elements in 4 − 2ǫ dimensions. We then suitably parametrise the
phase space for the emission of a single real gluon, expand each denominator occurring in
the real matrix element in powers of ǫ, and cancel all the resulting 1/ǫ2 and 1/ǫ poles point
by point in phase space either against virtual corrections, or against the collinear countert-
erm provided by the MS factorisation scheme. For the production process, we use, depend-
ing on the computation order, the LO or NLO MSTW2008 parton densities [29] interfaced
through LHAPDF [30], the latter corresponding to αs(MZ) = 0.120179, which is the value
we use for NLO corrections. We consider both W+ and W− production, keeping the full
spin correlations when letting them decay into a lepton and a neutrino. Concerning Higgs
boson decay, all matrix elements for H → bb¯ are computed for massive bottom quarks,
using the on-shell renormalisation scheme with a pole mass mb = 4.24GeV. We have
checked that our production code agrees with MCFM, and our total decay rate reproduces
the NLO result of Ref. [24]. Furthermore, in the following we will consider the production
of a Standard Model Higgs boson of mass mH = 125GeV, with Br(H → bb¯) = 0.578 taken
from Refs. [31, 32, 33].1
2 NLO corrections to Higgs searches with the fat-jet
method
A natural place to look for a boosted Higgs boson is the LHC with
√
s = 14TeV at high
luminosity, where one has the possibility to cut on a high-transverse momentum Higgs
boson, and still have a number of events that make it possible to significantly distinguish the
signal from the background. Therefore, we first give theoretical predictions for observables
1In fact, since we will be concerned mainly on K-factors and shapes of distributions, the actual value
of Br(H → bb¯) will not be relevant for the main issues discussed in the Letter.
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that are of use at the LHC with
√
s = 14TeV when searching for a boosted Higgs boson
associated to a W boson, using the strategy of Ref. [1]. In the following we describe
the set of kinematical cuts we employ for our theoretical analysis. First of all, we put
some basic constraints on the decay products of the W boson, namely that the charged
lepton has a transverse momentum plT > 30GeV and a pseudorapidity |ηl| < 2.5, and that
the total missing transverse momentum fulfils pmissT > 30GeV. We then require that the
reconstructed W boson have large transverse momentum pWT > 210GeV. This value is
approximately equal to the minimum transverse momentum that a boosted Higgs boson
recoiling against a W boson must have, at tree level, so that the bb¯ pair resulting from its
decay falls into a cone of radius R = 1.2. The latter is the value of jet radius R considered
in Ref. [1]. Specifically, a Higgs boson decaying into a bb¯ pair is searched for by clustering
each event into fat jets using the Cambridge/Aachen algorithm [34, 35] from the software
package FastJet [36] with R = 1.2, and examining the substructure of each jet to see if it
contains the Higgs boson decay products. Once we have identified a fat jet, in order to
establish whether it can be considered a Higgs candidate, we follow the procedure proposed
in Ref. [1], which we briefly recall:
1. we undo the last clustering inside the fat jet j, thus identifying two subjets j1 and j2
ordered according to their invariant mass, m2j1 > m
2
j2
;
2. we require a significant mass drop m2j1 < µm
2
j and impose max{p2T,1, p2T,2}∆R2j1,j2 >
ycut m
2
j , in order to suppress asymmetric splittings.
If both conditions are fulfilled then j is a candidate Higgs jet and the procedure terminates.
Otherwise j = j1 and we go back to step 1. The fat jet is then kept as a Higgs candidate only
if both j1 and j2 have b-tags. Finally, again following Ref. [1], one should apply a filtering
procedure, which consists in reclustering the candidate Higgs jet with a radius Rfilt < R,
and then choosing the candidate Higgs mass as the invariant mass of the hardest (i.e.
with the highest pT ) nfilt subjets. Since our calculation is pure NLO for both production
and decay, a fat jet will contain at most three subjets. As suggested in Ref. [1], we
choose nfilt = 3, and therefore we can skip the filtering step at this stage. However the
full procedure has been programmed in our numerical code, so that it can be used when
NNLO corrections to both production and decay will be implemented.
The first relevant observable we consider is the transverse momentum pT,j of the can-
didate Higgs jet. In particular, we wish to perform an analogous study as in Ref. [23],
including NLO corrections to both Higgs boson production and decay. As in Ref. [23], we
require the candidate Higgs jet to be the one with the highest transverse momentum and
to be central, |ηj| < 2.5. In Fig. 1 we show plots for the fat-jet pT -spectrum corresponding
to two different event selection procedures. In the first case no constraint is imposed on
any extra jet, whilst in the second case we impose a jet-veto condition, requiring that there
are no further jets with pT > pT,veto = 30GeV and |η| < ηveto = 3 (again according to what
is done in Ref. [1]). The perturbative stability of our predictions is investigated by simul-
taneous variation of renormalisation and factorisation scales for the production process by
a factor of two around µ
(p)
R = µ
(p)
F = mH +mW . Since we know from the study of Ref. [37]
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that, for the fat-jet analysis described above, no infrared problems are expected from QCD
corrections to the decay process, we have decided to fix the renormalisation scale for the
decay at µ
(d)
R = mH .
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Figure 1: The transverse momentum distribution of the candidate Higgs fat jet at the
LHC with
√
s = 14TeV, corresponding to the kinematical cuts described in the text. (For
interpretation of the references to colour, the reader is referred to the web version of this
Letter.)
At LO the distributions with and without an extra-jet veto obviously coincide. On
the contrary, as observed already in Ref. [23], there are substantial differences for NLO
distributions. Without a veto on an extra jet, if one excludes the lowest pT -bin, NLO
corrections to production are positive, giving roughly a constant K-factor of about 1.3
at large pT,j. The addition of NLO corrections to decay does not alter significantly this
K-factor, reducing it to 1.2 (see Fig. 1, red and dark-blue bands). The fact that the K-
factor is only slightly decreased when adding NLO corrections to decay suggests that the
observable we consider is sufficiently inclusive with respect to extra gluon radiation from
the bb¯ system. In other words, in the boosted regime we are considering, final-state QCD
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LO NLO (prod.) NLO
σinc [fb] 1.53
+0.02
−0.03 1.87
+0.05
−0.05 1.80
+0.06
−0.07
σ0−jet [fb] 1.53
+0.02
−0.03 1.19
+0.04
−0.06 1.12
+0.06
−0.08
Table 1: Cross section for Higgs boson production in association to a high-pT W boson
selected according to the cuts described in the main text, for 230GeV < pT,j < 500GeV,
with (σ0−jet) and without (σinc) a veto on an extra jet. The intervals are obtained by
varying the scales for production and decay by a factor two around the central values
described in the text.
radiation is well contained inside the fat jet, and therefore we observe no large virtual
corrections unbalanced by real radiation. After imposing the jet veto, NLO corrections
become negative, and increase in size when the jet transverse momentum increases. This
is due to virtual contributions that do not cancel fully against initial-state real radiation,
giving a (negative) logarithmic left-over as large as αs ln
2(pT,j/pT,veto).
2 We observe that,
also in this case, the addition of NLO corrections to decay causes only a mild reduction
of the K-factor, around 10% and roughly constant over the whole fat-jet pT -range (see
Fig. 1, purple and light-blue bands). An important remark is in order concerning the
behaviour of the fat-jet pT -spectrum in the lowest pT -bin. There one notices a significant
decrease in the cross section in going from LO to NLO, as well as a larger variation
when changing renormalisation and factorisation scales. This bin corresponds in fact to
the situation in which one imposes symmetric pT cuts on both the Higgs boson and the
W boson. As observed in Refs. [42, 43] and explained in Ref. [44], symmetric cuts can
cause instabilities in the QCD perturbative series. However [44], such instabilities could be
removed by performing a resummation of large logarithms appearing in the distribution in
the transverse momentum of the HW system. The physics underlying such resummation
is implemented in all parton shower Monte Carlo’s, which should then be used for Higgs
searches including the symmetric-cut region. Performing such a resummation is beyond the
scope of this work. Therefore, we restrict our subsequent analyses to the asymmetric-cut
region pT,j > 230GeV, where our fixed-order predictions seem to be reliable. Finally, since
our code is not public yet, in Table 1 we report an example of the cross sections we obtain
for the integrated pT spectrum for µ
(p)
R = µ
(p)
F = mH + mW and of µ
(d)
R = mH , together
with the corresponding renormalisation and factorisation scale uncertainties.
From the plots in Fig. 1 it seems that the net effect of QCD corrections to Higgs boson
decay is just that of reducing the production rate of a candidate Higgs fat jet. However, the
fat jet considered there can have an arbitrary invariant mass, whilst in general one measures
the fat-jet invariant mass distribution, given a set of kinematical cuts, and looks for a mass
peak. Therefore, it is useful to investigate the impact of NLO corrections to Higgs boson
2Note that double logarithmic contributions αs ln
2(pT,j/pT,veto) occur in this case because, as explained
in Ref. [38], ln(pT,j/pT,veto) is smaller than the maximum rapidity ηveto available for the additional jets.
These logarithms could in principle be resummed at all orders with the methods developed in Refs. [38,
39, 40, 41].
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production and decay over the reconstruction of a mass peak based on the fat-jet analysis
described at the beginning of this section. At NLO there are two effects that can spoil this
reconstruction, both triggered by gluon radiation. The first is the emission of a parton
from the initial state that is subsequently clustered within the fat jet. The second is the
loss of gluon radiation from the bb¯ pair originating from the decay of the Higgs boson. Both
effects are studied through the plots in Fig. 2, showing the differential distribution dσ/dmj
in the invariant mass of the fat jet, for µ
(p)
R = µ
(p)
F = mH +mW and µ
(d)
R = mH . The first
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Figure 2: The distribution in the invariant mass of the candidate Higgs jet, without any
kinematical cuts (green, dashed, labelled “inclusive”), fully inclusive with respect to all
other jets (blue, dashed, labelled “pT,j > 230GeV”), and with a jet-veto condition (red,
solid, labelled “pT,j > 230GeV (veto)”). All curves correspond to µ
(p)
R = µ
(p)
F = mH +mW
for Higgs boson production and µ
(d)
R = mH for its decay.
NLO curve in Fig. 2 (green, dashed) corresponds to the fully inclusive situation in which
the only selection requirement is that there is a candidate Higgs jet, with no cut whatsoever
on the jet transverse momentum. This curve is shown to illustrate how the fat-jet selection
technique works in practice. We first observe that the fat-jet method is pretty robust under
radiative corrections, in that, even without requiring a high-pT W boson, only around 30%
of candidate Higgs events fall outside the mass window 110GeV < mj < 140GeV (a typical
bin size for boosted Higgs searches at the LHC, see [13]). The region to the right of the
peak corresponds to situations in which initial-state radiation is clustered inside the fat jet,
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thus artificially increasing the invariant mass of the latter. To the left of the peak we see a
long tail corresponding to events in which a gluon emitted from the bb¯ system originating
from Higgs boson decay escapes the fat jet. This effect is entirely due to NLO corrections
to Higgs boson decay, and its contribution to degrading the resolution of the mass peak
is comparable to that coming from NLO corrections to Higgs boson production. In fact,
most events outside the mass window 110GeV < mj < 140GeV have mj < 110GeV.
These events extend down to mj = 2mb, corresponding to the situation in which the bb¯
pair recoils against a hard gluon. The other two curves correspond to events passing the
same kinematical cuts as in Fig. 1, and with an additional cut on the fat-jet transverse
momentum pT,j > 230GeV. We first observe that this cut reduces considerably the fraction
of events with mj < 110GeV which is around 10% both with and without the jet veto.
A further remark is in order concerning the curve (solid, red) obtained by imposing the
additional constraint of vetoing all extra jets with pT > 30GeV and rapidity |η| < 3. In
this case, as expected from the study of Ref. [23] and Fig. 1, the peak height is reduced
due the suppression of real emission and the dominance of negative uncancelled virtual
corrections. Among the effects of the jet veto there is also that of eliminating events in
which a gluon emitted by the bb¯ system escapes the fat jet. For the red solid curve this is
visible in the figure for mj < 60GeV and has a negligible impact on the resolution of the
mass peak. We finally remark that the fact that the mass peak survives depends crucially
on both the jet-veto condition and the procedure used to identify a candidate Higgs jet. We
have observed that decreasing pT,veto can lower the number of selected events in such a way
that a peak is not visible any more. The same remark holds for alternative procedures for
defining a candidate Higgs jet, which need to be tested against final-state QCD radiation
as well. An example of how the latter can affect significantly the outcome of a Higgs search
analysis is discussed in the next section.
3 Higgs searches at the LHC with
√
s = 8 TeV
With the current LHC energy, CMS is searching for a high-pT Higgs radiated off a vector
boson. They do not perform a full fat-jet analysis, but instead use a simplified procedure
aimed at identifying a boosted hadronic system that could be considered as a Higgs can-
didate [13]. Here is a summary of the CMS analysis. First, they impose cuts on the decay
products of the W boson. For aW boson decaying into a muon and its associated neutrino
(the case we consider in the following), they require plT > 20GeV and |ηl| < 2.4, together
with a constraint on the missing transverse energy pmissT > 35GeV. The Higgs candidate
is a dijet system consisting of two central (|η| < 2.5) b-tagged jets with pT > 30GeV,
reconstructed with the anti-kt algorithm [45] with R = 0.5. Then, high-pT events are se-
lected by imposing a cut both on the transverse momentum of the reconstructed W boson
pWT > 160GeV and on that of the dijet system pT,j > 165GeV, and requiring the latter to
be central (|ηj| < 2.5). Finally, the W boson and the Higgs candidate are required to be
almost back-to-back in the transverse plane, by imposing ∆φW,j ≡ |φW − φj| > 3, and no
extra jets are allowed with pT > 20GeV and |η| < 2.4.
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Figure 3: The differential distribution in the azimuthal angle ∆φW,j between the recon-
structedW boson and the candidate Higgs jet, corresponding to the selection cuts described
in the text.
Among these conditions, the requirement on ∆φW,j, is particularly sensitive to initial-
state radiation, in particular soft and collinear gluon emissions along the beam. We wish
therefore to investigate if our predictions for the ∆φW,j distribution are stable against
higher-order corrections. We do this via simultaneous variations of renormalisation and
factorisation scales for the production process around µ
(p)
R = µ
(p)
F = mH + mW , and in-
dependent variation of the renormalisation scale for the decay around µ
(d)
R = mH . Fig. 3
shows the ∆φW,j distribution, obtained after imposing the cuts described above. First of
all, one notices that most events are concentrated in the bin ∆φW,j > 3, so that we expect
that bin to be wide enough to ensure a sufficiently inclusive cancellation of large real and
virtual corrections arising from the region close to ∆φW,j = π. This is confirmed by the fact
that, if one considers production only (the histogram labelled “NLO prod.”), the K-factor
we observe in that bin is moderate (around 0.8). Indeed, the cut on ∆φW,j is only one of
the effects that are responsible for such K-factor, the others being the cut on the jet pT and
the jet-veto condition, which can also put constraints on initial-state radiation. We remark
that, if the constraint on ∆φW,j were moved closer to π while keeping all other cuts fixed,
one would expect large logarithmic contributions αns ln
m(π −∆φW,j) arising from multiple
initial-state soft-collinear emissions. These could be resummed, either analytically, or us-
ing Monte Carlo event generators. When adding final-state radiation, one observes that
the height of the distribution in the rightmost bin is further depleted. However, due to
the fact that, for ∆φW,j < 3 all NLO distributions basically coincide, this depletion cannot
be ascribed to a restriction on final-state radiation imposed indirectly through the cut on
∆φW,j. The reduction of the cross section is mainly due to the loss of QCD radiation from
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the bb¯ system. Due to the jet-veto condition, any gluon that is not clustered inside the two
b-jets that constitute the Higgs candidate is likely to be soft, and therefore ∆φW,j will be
close to π. It is this restriction on final-state radiation that causes an imbalance between
real and virtual corrections, giving a large negative contribution. A further source of large
virtual corrections, which contribute significantly to the size of the observed K-factor, is
the presence of a term αs ln(mb/mH) in the virtual corrections, coming from the on-shell
renormalisation of the coupling of the b quark to the Higgs. To investigate the impact of
this term, we use a different prescription to combine NLO corrections to production and
decay, by strictly expanding Eq. (1.2) at order αs:
dσexp
pp→(H→bb¯)W
=
{
dσ
(0)
pp→WH ×
[
dΓ
(0)
H→bb¯
Γ
(0)
H→bb¯
(
1− Γ
(1)
H→bb¯
Γ
(0)
H→bb¯
)
+
dΓ
(1)
H→bb¯
Γ
(0)
H→bb¯
]
+dσ
(1)
pp→WH ×
dΓ
(0)
H→bb¯
Γ
(0)
H→bb¯
}
× Br(H → bb¯) . (3.1)
We see that the curve corresponding to this last prescription (purple, labelled “NLO exp.”)
is significantly higher than the curve corresponding to Eq. (1.2) (blue, labelled “NLO”).
The difference between the two prescriptions can be understood as an indication on the
convergence of perturbation theory. In this respect, we have checked that all the results
we have obtained in the previous section using the fat-jet procedure are, within scale
uncertainties, insensitive to a change of prescription, thus indicating that this procedure
is inclusive enough with respect to final-state radiation to ensure good convergence of the
perturbative expansion. In the following, whenever relevant, we will use both prescriptions.
We now proceed by presenting the distributions studied in the previous section, this
time relative to the candidate Higgs selected according to the CMS procedure, and for
LHC at
√
s = 8TeV.3 For the mass distribution, we will also compare the mass spectrum
corresponding to the CMS analysis with that obtained with the fat-jet analysis described
at the beginning of section 2. In this case mj will label the invariant mass of the fat jet.
Fig. 4 contains distributions in the transverse momentum pT,j of the candidate Higgs
dijet system. Each band corresponds to a simultaneous variation of renormalisation and
factorisation scale by a factor of two around µ
(p)
R = µ
(p)
F = mH + mW in the production
process, while renormalisation scale for the decay is kept fixed at µ
(d)
R = mH . If one does not
include NLO corrections to decay, one observes a 20% reduction in the cross section with
respect to LO. This reduction is driven mainly by the jet-veto condition, and as expected
gets more important as the dijet transverse momentum increases. The inclusion of NLO
corrections to Higgs boson decay causes a further decrease of the cross section. We interpret
this result as a sizable loss of QCD final-state radiation by the two jets that constitute
the Higgs candidate system, likely due to the fact that the b jets have a small radius
and the typical perturbative jet pT -loss increases with decreasing radius, as explained in
Ref. [46], and the lost radiation undergoes a jet-veto constraint. This in turns causes a poor
3We have checked that our considerations do not change in the case of LHC at
√
s = 7TeV.
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Figure 4: The distribution in the transverse momentum pT,j of the candidate Higgs dijet
system, corresponding to the selection cuts described in the text.
convergence of the perturbative series, as one observes by comparing the “NLO” and “NLO
exp.” curves. We have checked that this does not happen if one performs a fat-jet analysis
with the same parameters as in Sec. 2, where one observes instead a K-factor of around 0.6
for pT,j > 250GeV, although in this case the pT,j distribution drops abruptly, as expected,
for pT,j < 200GeV. We have also checked that for larger pT values (pT,j > 350GeV) the
CMS and fat-jet procedure give comparable pT,j spectra. Another remark concerns the
first bin (160GeV < pT,j < 165GeV), where the distribution is unstable against scale
variations (it becomes even negative if one includes corrections to Higgs boson decay),
again due to the fact that this bin corresponds to symmetric transverse momentum cuts,
in which the W boson and the b-dijet system recoil against a soft-collinear gluon. This
bin is not included in the CMS analysis, and will not be considered in all our subsequent
studies.
We then present in Fig. 5 the distribution in the invariant mass of the candidate Higgs
system dσ/dmj. We consider here four distributions, the first (solid, red) obtained with the
CMS selection procedure, the second (dashed, blue) corresponding to the fat-jet selection
procedure explained at the beginning of Sec. 2, with the same selection cuts as CMS
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for the leptons, the W boson and the candidate Higgs system, the third (dashed, green)
corresponding to the CMS procedure but where only NLO corrections to the production
process are considered, and the fourth (dotted, purple) again corresponding the CMS
procedure and obtained using Eq. (3.1). From the plots we see that the mass distribution
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Figure 5: The distribution in the invariant mass mj of the candidate Higgs jet obtained
with the procedure adopted by CMS, with and without NLO corrections to Higgs decay,
and with the fat-jet procedure described in Sec. 2.
resulting from the CMS procedure (red, solid), catches more candidate Higgs events than
the fat-jet one, as expected due to the lower pT -cut on the selected b-jets. However, the
mass distribution does not display a mass peak in the expected position. In fact the value of
the distribution at mj = 125GeV is negative (see inset plot of Fig. 5) if one uses Eq. (1.2),
and only slightly positive if one uses instead Eq. (3.1) (the purple dotted curve labelled
“CMS exp.”). Regardless of the actual value of the distribution at mj = 125GeV, this
clearly indicates that radiation from the bb¯ pair originating from Higgs boson decay is not
naturally included in the candidate Higgs system. On the contrary, the fat-jet procedure
(blue, dashed) gives correctly a peak at mj = 125GeV, although with a reduced height
with respect to that of the shifted peak resulting from the CMS procedure. This result
does not change if one uses the alternative prescription of Eq. (3.1). The third curve
(green, dashed) shows the mass distribution obtained by considering NLO corrections to
production only. We notice that the peak is in the expected position, with a height that
is roughly five times larger than that of the peak corresponding to the fat-jet procedure.
In this respect, we remark that the parameters we have chosen for the fat-jet analysis are
identical to those of Sec. 2. In principle one should redetermine them after a full simulation
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of signal and background, including parton shower effects (for instance using the recent
developments of Ref. [28]). This goes beyond the scope of this work.
4 Conclusions
We have implemented NLO corrections to Higgs boson production in association with
leptonically decaying W boson, and to its subsequent decay into a bb¯ pair, in a numerical
code that returns weighted events, fully differential in the decay products of the Higgs
boson and of the W boson. We have then looked at how NLO QCD corrections to Higgs
boson decay affect various observables that are relevant for Higgs searches at the LHC.
In particular we have analysed two different experimental setups, one with
√
s = 14TeV
and the other with
√
s = 8TeV. In the first case the Higgs boson is produced in a
boosted regime, with its transverse momentum larger than its mass, and detected using
the fat-jet technique proposed in Ref. [1]. With our study in Section 2 we assess that the
Higgs candidate obtained with the fat-jet procedure is stable against radiative corrections.
Its mass distribution is peaked at the expected value of the Higgs boson mass, and the
resolution of the peak is reasonably good (see Fig. 2). We remark that the height of the
peak is sensitive to the jet-veto condition that one imposes on any jet besides the candidate
Higgs fat jet, the stronger the veto the stronger the suppression of the peak. In our case the
height of the peak obtained after imposing a jet-veto condition is roughly a third of that we
get if we are fully inclusive with respect to all jets. The second experimental setup we have
considered corresponds to what is done at the moment by the CMS experiment, but for
the LHC current energy
√
s = 8TeV. CMS chooses configurations in which both the Higgs
boson and the W boson have high transverse momentum. Then they do not perform a full
fat-jet analysis, but rather consider as a Higgs candidate a system of two b-jets satisfying
a set of transverse momentum and rapidity cuts. Again we have checked how relevant
distributions are influenced by QCD corrections to Higgs boson decay. We have found that
such corrections have a huge impact both on the candidate Higgs transverse momentum
spectrum and on its invariant mass distribution. In particular, for the latter it turns out
that the effect of an extra jet-veto and the loss of QCD radiation from the bb¯ system give
a displacement of the mass peak from its expected position, with a poor peak resolution.
This suggests an instability of the CMS procedure against radiative corrections, and reveals
how important it is to have NLO information on the Higgs boson decay as well. We remark
that the use of a parton shower event generator will give a smoother mass distribution, but
will not significantly improve the mass resolution of the peak, which is mainly affected by
the large pT loss of the selected b-jets. For comparison we have also studied the jet-mass
distribution for a candidate Higgs jet obtained with the same fat-jet procedure considered
for the LHC at
√
s = 14TeV. Also in this case the procedure seems stable under radiative
corrections, and we are able to reconstruct a mass peak in the expected position.
The study we have performed gives some new information on the impact of higher-
order corrections on the Higgsstrahlung process, but is far from conclusive. More studies
are needed both to improve the accuracy of the calculation, including for instance NNLO
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corrections to both production and decay, and to devise procedures to cure the instabilities
we have found in our analysis. We aim to address both issues in the near future.
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